Plasma concentrationsof 21 amino acids were determined for 20 control subjects and 20 subjects infected with human immunodeficiency virus type 1 (HIV). Compared with the controlsubjects,the HIV-infected group had lower cystine, tryptophan, and methionine (decreased 67%, 52%, and 32%, respectively, P <0.001 for each) and increased taurine (230%, P <0.001) and lysine concentrations(30%, P <0.001). Other amino acid concentrations changed modestly. Amounts of cystine, tryptophan, methionine, taurine, and lysine did not differ significantlybetween subgroupsof HIV-infected subjects with >200 (n = 6) or <200 (n = 14)
<0.001).
Other amino acid concentrations changed modestly. Amounts of cystine, tryptophan, methionine, taurine, and lysine did not differ significantlybetween subgroupsof HIV-infected subjects with >200 (n = 6) or <200 (n = 14)
CD4 lymphocytes per microliter, suggesting that the concentrations decrease soon after infection and change little thereafter. Activation of metabolism of cystine to taurine may explain reciprocalchanges in these amino acids and known depletion of cystine and glutathione.The selective changes in amino acid profiles observed dunng HIV infection differ from those recognized for malnutrition or other pathological processes.
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Infection with human immunodeficiency virus type 1 (HW-1) triggers a range of metabolic changes in addition to the progressive deficits in cellular immunity and increased susceptibility to opportunistic infections that are its clinical hallmarks, and the progression to the acquired immunodeficiency syndrome (AIDS) (1,2). The most tangible metabolic response to HIV infection is weight loss, due to a combination of factors including increased metabolic rate, anorexia, and malabsorption (3) (4) (5) (6) (7) (8) (9) (10) . Not infrequently, this weight loss progresses to a severe wasting syndrome (3, 8). There are also multiple, more subtle metabolic changes that can be measured: Early in H1V infection the resting metabolic rate increases (3-B), as do rates of protein turnover (3, 9). Concentrations of the adrenal steroid hormone dehydroepiandrosterone sulfate decrease (11), the anion gap increases (12), and disturbances in lipid metabolism produce decreased serum cholesterol and increased triglycerides (13 CD8 counts, and B-cellcounts. The total lymphocyte count was determined with a Coulter Model S counter by using a blood specimen collected concomitantly with other samples into a tube containing potassium EDTA. Plasma samples for amino acid analysis from HIV-infected subjects were selected so as to obtain a broad distribution of CD4 counts. Selection of samples was otherwise random, and samples represented a broad range of age, clinical status classified according to revised criteria of the Centers for Disease Control and Prevention (38), and treatment protocols as listed in Table 1 . All but one sample were from males, despite active recruitment of female subjects. Control samples were collected from volunteers who by history were in good health and did not have unexplained weight loss. The age and gender distribution of the control subjects were similar to those of the experimental group. The control group had a mean age of 35 ± 10 years, vs 36 ± 10 for the experimental group. Plasma samples for amino acid analysis were stored frozen at -20#{176}C and prepared for analysis by addition of norleucine as an internal standard and of sulfosalicylic acid to bring the sample to a concentration of 6 gIL. After centrifugation, the pH of the supernatant was adjusted and 5-L samples were analyzed on a Beckman 6300 analyzer (Beckman Instruments, Fullerton, CA) by postcolumn reaction with o-phthalaldehyde and fluorescence detection. Calibrators were run daily. The system does not detect secondary amino acids such as proline, hydroxyproline, and sarcosine. Values for aspartic acid are not reported, because they were below the limits of detection in many subjects. Concentrations of cystine and tryptophan in some subjects with HW infection were below the lower limits of accurate quantification by the analyzer, which corresponded to a sample concentration of 6 molJL. In these analyses, values of 6 tmoJ/L were assigned for these amino acidsfor the purpose of calculating group means and standard deviations. This applied to eight samples for cystine and two samples for tryptophan, all from HW-infected subjects. The significance of differences between group means 
Materials and Methods

Results
The mean and standard deviations of plasma concentrations of 21 different amino acids in controls and subjects with HW-1 infection are compared in Table 2 . Results for glutamic acid and glutamine (Glu + Gln) were combined, because the samples were not processed immediately to prevent significant conversion of glutamine to glutamic acid. Mean concentrations of several essential amino acids were dramatically decreased in the H1V-infected group. Cystine decreased by 67%, tryptophan by 52%, and methionine by 32%. Other amino acids showed substantial increases, including taurine, Statistically significant atP <0.001.
which increased by 230%, and lysine, by 30%. All of these differences were significant (P <0.0025), as indicated in Table 1 . Amounts of most amino acids were not significantly changed. Concentrations of several essential amino acids such as leucine, isoleucine, valine, threonine, and phenylalanine were similar in experimental and control groups.
Comparison of taurine concentrations for the two subject groups (Fig. 1A) shows a marked increase in HWinfected subjects, with almost complete discrimination between the two groups. There is overlap of only a single data point. Although there were substantial differences in the cystine (Fig. 1B) and tryptophan concentrations  (Fig. 1C) between the two groups, there was greater variation among individuals and more overlap between HIV-infected and control subjects. Samples from control and HIV-infected groups were not obtained specifically from fasting subjects; this may increase experimental variability in the present study. The relation between amino acid concentrations and the number of CD4 lymphocytes during the course of HW infection was examined.
The depletion of CD4 lymphocytes correlates with clinical progression of HW infection, and a decrease in the CD4 count to <200 per microliter has been added recently as a criterion for establishing the diagnosis of AIDS in patients with HIV infection (1, 37). Table 3 were 53% less and tryptophan 23% less in the low-CD4-count subgroup. Concentrations of leucine, lysine, isoleucine, valine, methionine, and threonine were unchanged or slightly increased in subjects with low CD4 counts. Comparison of the subgroups with a CD4 count <or >200 indicated that progression of HW infection to AIDS was not clearly associated with progressive depletion of any amino acid. In fact, amounts of some essential amino acids, such as phenylalanine, sometimes increased during the course of H1V infection. Amino acids in the eight subjects who were clinically asymptomatic (see Table 1 ) showed markedly different concentrations compared with the controls, similar to those of the total HW-infected group. For the asymptomatic subgroup of HW-infected subjects, the concentration of cystine was 19 ± 14 mmol/L (a 59% decrease vs controls), tryptophan was 22 ± 10 mmolIL (a 52% decrease), and taurine was 169 ± 68 (a 260% increase). 
Changes in amino acid concentrations during the progression of HW infection also were assessed by examining the correlation between amino acid concentrations and CD4 counts and treating the correlation as a continuous variable (plots not shown). At low CD4 counts, there were trends of increasing phenylalanine (P <0.02) and Glu + Gin (P <0.03), and trends of decreasing tryptophan and cystine (both P >0.05). However, none of these relations reached the threshold of P <0.0025 for significance of multiple comparisons.
Discussion
Individuals with H1V infection have diminished plasma concentrations of tryptophan and cystine (14) (15) (16) (17) (18) . Data presented here indicate that depletions of these amino acids is highly specific. The only other amino acid observed to undergo a major decrease is methionine (though to a lesser extent than cystine), and loss of this amino acid may be explained by metabolic interconversion of cysteine and methionine (39). HIV infection produced relatively little change in the concentrationsof essential amino acids such as threonine, valine, isoleucine, leucine, and phenylalanine. In starvation, the concentrations of these amino acids as well as cystine and tryptophan are depleted relatively uniformly (31). Individuals with 11W infection have many factors contributing to malnutrition such as anorexia, intestinal malabsorption, intestinal parasitemia, and increased metabolic demands from infection (3) (4) (5) (6) (7) (8) (9) (10) . These factors contribute to decreases in the concentrations of many nutrients such as vitamins A, E, riboflavin, B6, and B12, and copper and zinc (40) Previous work (17) and the data presented here provide evidence that decreases in plasma concentrations of tryptophan, cystine, and methionine occur relatively early in the course of HW infection, well before development of clinically defined AIDS. These amino acids were already severely depleted in the subgroup of patients with CD4 counts >200; therefore there is a relatively weak trend of tryptophan and cystine relative to CD4 counts-most of the change had occurred earlier in the course of HW infection. This is expected if the selective decreases in amino acid concentrations are mediated by changes in amounts of cytokines such as y-interferon. Cytokine responses develop rapidly after HIV infection, even before development of antibody responses to HW antigens (1, 23, 24). Not only were changes in amino acid concentrations not correlated with CD4 counts, but they also were not correlated with clinical staging of disease. Eight clinically asymptomatic subjects with H1V infection appeared to have marked changes in amino acid concentrations with respect to controls. Therapy of subjects with HW infection is not considered a likely source of difference from controls because, as listed in Table 1 , treatment of the HW-infected subjects was with a variety of medications and two of the subjects received no medications.
The highly specific changes in the pattern of amino acid concentrations in HW infection do not correspond to recognized patterns occurring in other pathological processes. Complete starvation or severe protein-calorie malnutrition results in a relatively symmetric reduction in essential amino acids (31). Many disorders such as sepsis, hepatic dysfunction, and advanced emphysema are characterized more by increases in selective amino acids than decreases (30) (31) (32) (33) (34) . Studies of changes of amino acid concentrations in cancer patients note decreases of different amino acids with several types of malignancy (35) . The reported pattern that is most similar to that in patients with HW infection is that occurring in patients with lung cancer and breast cancer. However, individuals with these cancers appear to have lesser decreases in tryptophan and cystine than do individuals with 11W infection (36). More extensive anal-ysis of the amino acid patterns in H1V infection may be useful in characterizing the metabolic changes that occur early in infection.
It remains to be established whether depletions of cystine and tryptophan are prognostic indicators or whether losses of these amino acids contribute to the pathophysiology of 11W infection. The highly specific responses of cystine and tryptophan metabolism could serve as second messengers or effectors for lymphokine responses.
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